BACKGROUND
There has been much attention to the gaps in evidence that preclude translating genomic testing into clinical use, particularly for disease risk (EGAPP, 2014) . However, there are multiple examples of using genomic testing to inform treatment decisions (Bielinski et al., 2014; Gottesman et al., 2013; Hoffman et al., 2014; Johnson et al., 2013; O'Donnell et al., 2014; Pulley et al., 2012; Shuldiner et al., 2014) , and in many instances, there is sufficient evidence to justify using genetic testing to inform choice or dosage of medications.
Prescribing decisions are routinely made on the basis of imperfect evidence and on extrapolations between solid evidence of mechanisms underlying interpatient variability in drug response and unstudied clinical scenarios. For example, it is well documented that acyclovir clearance depends on glomerular filtration; most serious adverse effects of acyclovir are dose related; and most efficacy data indicate higher doses are more effective as antivirals than lower doses. In the clinic setting, one may encounter a patient with an abnormally low creatinine clearance of only 25 ml/min/1.73 m2, and there is a viral infection that must be treated. It makes sense to reduce the acyclovir in dose or in frequency. It also makes sense to have the extent of reduction mirror the degree of renal dysfunction, as is recommended by several groups (Gupta et al., 2005) .
POLICY ISSUES/EVIDENCE GAPS
But are there randomized controlled clinical trials proving that antiviral outcomes are preserved and that toxicity is reduced by a 30 percent versus a 50 percent versus a 75 percent dosage reduction or by prolonging the interval between doses from 8 versus 12 versus 24 hours? No, there are not. And to expend precious health care research dollars to test for every permutation of renal function for every renally cleared drug would be a tremendous misplacement of research dollars. Prescribing recommendations can be based on extrapolations based on imperfect data, and we make the assumption that such recommendations are better than the alternative or ignoring renal dysfunction. The analogy holds for drug selection and dose refinements made every day by physicians and pharmacists on the basis of drug-drug interactions. A better understanding of our evidence thresholds for nongenomic versus genomicbased interventions in pharmacotherapy is needed.
The Clinical Pharmacogenetics Implementation Consortium, a joint effort of the National Institute of Health's Pharmacogenomics Research Network and the PharmGKB (Relling and Klein, 2011) , was formed in recognition of the fact that there is sufficient evidence for analytic validity and clinical utility to implement some pharmacogenetic tests for prescribing decisions, but there have been insufficient resources to illustrate exactly how to use the pharmacogenetic test information in prescribing. Largely adhering to the standards outlined in the IOM report Clinical Practice Guidelines We Can Trust (2011), the consortium publishes evidence-based, freely available, peer-reviewed clinical guidelines that provide the resources needed to allow translation of clinical genetic test results into actionable prescribing decisions (Caudle et al., 2014) . The process is arduous, but the number of examples for which genetic tests are actionable is relatively small. Nonetheless, this "final step" of defining logical implementation steps, after the evidence for a specific aspect of genomic medicine has been generated, itself requires resources (Chute and Kohane, 2013) . Not only must the guidelines be created, but they must be constantly updated to capture new variants and new clinical data that will inform genomically based prescribing.
Moreover, substantial effort is needed to make evidence-based recommendations for genes and drugs that are highly studied (e.g., CYP2D6 and metoprolol) but for which prescribing recommendations are not possible (e.g., there is not enough evidence to warrant changing the dose or drug choice even for those with high-risk CYP2D6 diplotypes). For genetic tests (e.g., MTHFR) that may be heavily marketed to clinicians and consumers but for which evidence does not support their clinical use for drug prescribing, reliable recommendations that the test results are not actionable is useful to clinicians (Hickey et al., 2013) .
Gene/drug groups are prioritized for guideline development if there is substantial scientific evidence linking genomic variability with variability in drug effects, if the drugs involved have a narrow therapeutic range, if the underlying disease is serious, if the consequence of suboptimal prescribing is serious, if there are available alternatives with sound rationale, and if the genetic tests are available as laboratory tests approved under the Clinical Laboratory Improvement Amendments (Caudle et al., 2014; Relling and Klein, 2011) . Examples of the types of evidence that may support genomically based prescribing include some or all of the following: randomized clinical studies of genetically based prescribing outcomes versus "standard of care," preclinical and clinical studies linking pharmacologic effects or drug concentrations to genomic variation, case reports, in vivo pharmacokinetic studies in individuals with various genotypes, and in vitro functional studies (Caudle et al., 2014; Relling and Klein, 2011) .
For most gene-drug pairs, randomized controlled trials comparing clinical outcomes with genotype-guided dosing versus conventional dosing are not available. Although considered a gold standard for informing some clinical decision making, randomized studies in pharmacogenomics can be problematic, given that the greatest benefit will only be observed in the (usually small) percentage of any population harboring the high-risk variants, and control groups often do not reflect usual clinical care. However, for many pharmacogenetic traits, the mechanisms are well understood, and randomized controlled trials are not necessary. Many actionable genetic variants affect drugs on a pharmacokinetic basis, analogous to the effects measured by using creatinine to assess renal or bilirubin to assess hepatic function. Thus, many pharmacogenetic prescribing recommendations can be based on underlying pharmacokinetic evidence. These include many variants affecting medication metabolism and transport, such as thiopurine methyltransferase and thiopurines (Relling et al., 2013) . In such cases, not only is there not a need to generate evidence via randomized trials using reduced doses versus normal doses in the small percentage of patients with high-risk variants, but it would likely be unethical to do so. There are other pharmacogenetic associations for which the evidence linking the genomic variants with drug effects, such as HLA-B and carbamazepine (Leckband et al., 2013) , has a less clear mechanistic basis; in such cases, there is understandably a higher bar for the evidence required to justify clinical action.
Assuming that the costs of genomic testing continue to decline, evidence of costeffectiveness becomes less important for the clinical decision-making process and guideline development, and generation of evidence can focus on how best to utilize this information in the clinic. Indeed, for many areas of pharmacogenetic tests, the gaps to be filled are not necessarily the need to generate more evidence: the gaps lie in the disconnect between our knowledge of how medications should be prescribed and a health care system that is not designed to accommodate acting on that knowledge. Genomic tests are "lifelong" tests that can have implications for all modes of patient care (inpatient, outpatient, community, and long-term care facilities) and disciplines (oncology, family medicine, specialty clinics, and so forth). But most health care systems do not capture genetic test data in machine-readable formats, the data are not available for all clinicians in contact with the patient, there is no system that follows the patient for life, and reimbursement for preemptive screening/testing is often problematic. The lack of truly comprehensive electronic health care records, the lack of interoperability among health care systems, the fact that medications are dispensed and that genetic data are generated from thousands of different independent sites, and the lack of coordination of health care on a perpatient basis are substantial impediments to moving the promise of pharmacogenomics into clinical use.
KEY RECOMMENDATIONS FOR EVIDENCE DEVELOPMENT
1. Develop national standards and conventions so that results of genomic tests are machine readable and retrievable in medical records. 2. Encourage truly interoperable electronic health care records that are shared widely among health care providers, pharmacies, laboratories, and patients to facilitate the use of decision support tools linking pharmacogenetic tests with medication use and prescribing. 3. Identify mechanisms to encourage clinical implementation of guideline-based pharmacogenomic tests, without necessarily requiring research components. 4. Support a publicly funded and sustainable resource for cataloging genomic variation and developing guidelines that can be linked directly to electronic health records. 5. Improve consensus about the evidence required for clinical action in pharmacogenetics.
